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(54) OPTICAL RECORDING MEDIUM 

(57)Abstract: 

PURPOSE: To obtain a CD having a low jitter rate and a 

compatibility with a compact disc dedicated to readout after ^ 
recording process by using a recording layer forming material which 
has lower than a specified percentage of a gas component generated 
during the pyrolysis of said material, for an optical recording medium 
consisting of a recording layer, a reflective layer and a protecting 
layer provided on a substrate. 

CONSTITUTION: A recording layer 2, a reflective layer 3 and a 
protecting layer 4 are sequentially formed on a transparent substrate 1 
where a guide groove is formed, if necessary. The recommended 
material which can be used for the recording layer 2 is such that it is 
absorbed in the wavelength zone of a semiconductor laser beam, then 
is thermally decomposed, if the layer beam with higher than a 
specified percentage of energy is absorbed, and the amount of a gas 
component generated at that time is 1 .Ox 10-2mol or less for each one 
gram of a recording layer material at the decomposition temperature 
of the gas component. Especially recommended is a phthalocyanine 
color having high light-fastness, durability and an ideal absorptive 
wavelength zone. If the recording layer is formed with a blend, it is 

ensured that the amount of the gas component generated during the pyrolysis of one gram of the blend is as 
described above. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 



http://wwwl9.ipdljpo.go.jp/PAl/result/detail/main/wAAAxdaq03DA404336282Pl.htm 



03/07/03 



Searching PAJ 



page 2/2 



[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www 1 9.ipdl.jpo.go.jp/PA l/result/detail/main/wAAAxdaq03DA404336282P 1 .htm 



03/07/03 



ansmmr <jp) cio & m ft SF & S < A > (">«*mreM«* 

!j#^^4 -336282 



(50 IntCl. 1 JteJE^ /T"rtSSI**f 


f r 




B 4 1 M 5/26 






0 1 1 B 7/24 5 10 7Z15— S>U 






8305 -2H 


B4 1M 


5/26 Y 










000003126 








(22) aM B 3 ^ ( 1991 ) 5 £ 13 B 




JCSCfFf ttEKK#S5HT§ 2 # 5 « 




(72) m# 


**± m- 
















(72) 






































a*Ktt»< 


(54) Kae«ft] 






(57) CSfi] 












ftti. ox 1 0-'*Jl^TT*aftff<i:9ft*efi®£ 












c*flxhfcfMfl*at*ftj»ESP>^* hf^^ 







(CD) . 



-537— 



(2) 



1 

Cftfflff#<P«B3 ; — 1 

C O* C «it & ft fc*Cft *#-C * ? T, J:EE» 

K&£T*a#f£a*a< i . o x i o- 1 tJnaTT*a 

C£9!©#«3fc8t9i2 
(0 0 0 1] 

mm±<omm^m *eb»*. *ic3> 
atwcnra. 

[00 0 23 

ct£*©&H53 a*©&a*flrafttt£©a»c»^. 
BaEa«*ictt^ate»««EBJwa»*EB* 

tu-ctt. »&*»i;*»«OTaasftTJ3Dfi^©**t 
^aftwwfflfi* «a*teJ:oT«a©BB43J:CTi 

*a*o'b-a»=ft*'c«i?ttic«ft4)tft. *s©x 

t3^»^5. C©£EB4>3fcEa&#tt. Te, Bl&£ 

*a*±tEa»tuT%^rfio v u-tf-^*«*f 
t-ccoEaa»c«iatt**kv/**^ttfl:*«*ft:* 

u cod try h*EBP«DVH*cB^u-*f-*K 

Eaatt-ci*. \>v h»a**aM-a&*EBB.tic 

BEfiBA f -CS**3CKD£to1*&. fr»taU>SX7U' 

CO 0 0 33 *±*Mia©*Ea**a^ aw* 

(CD) -^U— Sf— TYX^ttfftLTlt 

»«t^<o»ifisia i tc^r. :i0>%£aa<tt2. 
uasffiifct;? hft»aur*e» *«>ify»-»aa 

ICAu, A I Sf©&SJB££*tB 3 4: LTBtt, SblC 

.*©±t£ftaA4£»£i,ft ; b©*c»*. **»TfcCD 
wa«ft«K-3ftT. cocD©«*aa-c*a3wt 

^hr^X^yu-^- (CDt/l/-t«) fcU3-K 
-tff«ftsaa*%tfc:u-C»fflsE»fc:J:oTi»«K 



2) fcM¥4-336282 

afcaoaaicaaracfcttwc***. **wt 
«M#*<aaicff«^aaftEaT*c4:tt 3 FTT 

' BTM. l/fc^?T. /ha©CDMMICfW*"*fc 
a&, fc$uliW8«#S£CEa£fr-5fc«C>C. EBBf 
figftCD GiESfCD) o>£ffifo&<3SftT^*. 
CO 0 0 43 C©aEaCD£tt. E»&ttfflflt©#£ 
i0 *mCD£5tt&#**wi:##8&Sft*. 2 

gfcuttt. Ea&ofcEsicD*. £<-aic»fti/ 
*. a*oxr*>H-fy?a®aEa3WB 

a«*Ttt. *©;«fc«fctf£#*©AT£ft££E3! 

*. asm. a«©aEaBtEa»*«)s#Matt7 8o 

nm©ifr&Kfc^T«*Tfc3 0-4 0#«3ETa*fc 

h«>ttB«attT«ifv htsmttm^ra*© 
#frfeft* <£ ^ Ka#£ftiSfcr*&3?fcfc*. 

C00 0 5] tC5t> 0 2Kl^*rJ:3t;, 
£3* 2 £Htt, *©J:££**» 3 £Rtt"C, 5 ZtZ& 

' sk£i;t*©±k«sb4 *attfc*«3©#Eft& 

30 ##jD*ftW*. E©«frBWMU *fc£T**t 

*eto£ira*«aT*cfcteJ:oT«flc©EW« 
s<-r^itt>T**. u&a^T. c©^-f^©*E 
a«w±aEac d turwaTe«TOttft t»^Tw 
afitc/iox, c©^<^©aEacD*»a 

33ftfc (BfiXl^hdX^XNo. 4 6 5, 1 0 7 
31, 1 9 8 9^l£ 2 3 08ff> . 
[00063 

[ais*«i»*LJ:3t-ra»a] aEacDi4J:at«: 

EBtt©^ES!CDttX5-^-h, *B*. SW*. 

a4ftfcaEacottcft6tt»tt*a±K:«a-9"*t) 

nicoftTX7-^R4i/^-r<^o. «»©a^tt- 
so -vto*. 



—538- 



(3) 



(3) 

3 

CO 0 0 7 J 

mmzm&f *nw%*>\t* ±e&B 

tttiHHbPl. 0X1 0* ,; E;W-C*4*H«l:0&5 70 

T**. TfcfcS. #gKJEt;T:7'J50l>-7 OKA 
ft) €»j*UfcaW«SKl©JttU— !f-«**iRU 
Tkfy K«:^/£TSESH2j!>tas*enTi3CK ^(DE 

CO 0 0 81 ±S3««05»HtU-CSi. Wfcl/— !f- 

oxejtafteaau asexeattitcafrxend a? 

fflffct'-;UWJ&. X#*->»IB. #»jxX7-;l*HS, 7. 

5*fc£«aatm««ffl-e«. ^sic^ur. c 

ft&Ottftfcltfljaae.fcoT. *tU12P&tt££J: 
a(M#ft#*©$Hl«*fc4N»TEaB«t lgftt - 

— if-a«»c»tt£tfrssa©*afi*«>«, ± 
euy9A*fl** wcuu 7xu 

fi*. Nl. C r -T>K7x/- 40 

J!/£&$, MJ7xXJW*>*fia, *1f>r>*6 

a. ^f>m^>^ -r ^*-f> 

S^^fi^. >a->7x>#fc&, ?7£»#&a. 7 

*»j5»*fi#. rvft&xtiE* 



!3) #8B¥4-3 3 6 2 8 2 

4 

ox i o-^jwaTTft's^^crntfj:^. Lfctf? 

co oo 9] «i^»^tc5B^-r*«^fiE^aii, &<t*. 

4«wefit»*ft*auT*j;^. en*©***. ±c 
ccodi*. K*aeB/£ac^ft£tt** t a&t'i*£ 
ssaa-r*. 

to o i oi c©E»»*»«r**ttttTtt. 

atrBfcaaKSai/Ta^WMIBU dM£±ES 

oisssiiUTtt. aToJ:5ai*a*a»ji»«Mffl"ia 

xx *5^>fc£®3»*atole*: l. 2-5>*o 
□ x^>. ^DnMAttii«)ADy>ftiRft** : * 
^/-ju. x^y-JX -f y7a/V-Afc£©7Ao 
-)\, : v?x^;ux— f ju. v^^ux-f^k ^st+if 

y7i^<o-tav;v^ : ^^x5=-;u^*h>, i'^o'v* 
*;>tt^h>;»iif^ »B77;nfc£©x 

*x;U;2, 2. 3. 3-fh7 7;^O^D/V-Jl/ 
Ji£«7y*fc7;to-;bfc£l&Hl>*££a*-e*4. 
cn&©*a*3Wtt»«Tffl^Xt>-fc^U fl^UTE 

n-rfc*^. ifc. cinftoaafiffl^.**^ e»js 

40 (0 0 1 1] Caffl€»J«r*»a4:UT. KSi«Sfffi 

<. eaa*He»i»u^a«i=^-ys**.ft^ 
a^3o-500DBesTA*. ±ee»©«»:±E5 

«<!:OMIC a*»«C>tT*»ttfirtl±3tt4fci6. 
50 mmX&Z. ZtDT&mtLTK. iztm* xv* 



—539- 



(4) 



(4) 



#M¥4-3 3 6 2 8 2 



fa&SH^S. S I Oi, SnOi. A iiO*. A I N 

COO 1 2] K»BJ:Cti, E$t)S£fl«ra. JKDE 

Au, Ag, Al, 

cu, cr, n \fiLZ<D&m*m^%zt&T;zz. * 
&m&£.toR*m^z>££hT:£z. cm*,, au, 

Co o i 3] £©e»®££#sofBiK, s*f**rsi± 

HOifiJ^H^K. S i O*, SnOi, A ltOi, A 1 N 



?JUtt SIO,. Al 

»0>. A 1 Nft£«)«ltttt*JBlr»6Ct3»«T*4. ft** 

W (0014] 



a? 



CWBW1] 7*n^7x>fejg CftSl ) 51(1) 1. 6 
B*x^;U->>aA.^>5 0mllc»*U, tt^lSffi 

Kyfl. 6*m, MO. 45/tm. ft&3 0. 13 
unO *t£©ttSl 2 Omm. J5S I. 2raaiW#'JA 

6 0t:TX 2W|WIft»tT32S®&0^Lfc. 
©E»flBIJ*li 1 3 0 nmT«ot. £<0fS»jS 

CO 0 1 53 
CfclJ 




fc* * Jap -• 




(« 



\ 

CO OX 63 Sfc. «ft££il£ttBARC (3D>lf 

7 ^x>f^7^^ >f>y X ha-x a-* 

>3 >S) CioT. Cfbl) 5C<1> 

2. 2xi0-*m*^ CO^teUTfmUfc 
*£B»**#I;:. ^f^fff«SSfiDDU-10bo 

(WWfy^lM. U-ifHM7 8 l nm) fcj; 
t^CDX>3-y-DA- 3 S 3 1 (KENWOOD 

(tt> 8) SfflHT. 3m/s -ESU-tf 

-/t7-7mWTEftLfc. £©E&J«#£tfffc©C D 

-LJM-1851 (LEADERS) TifflfcLfci: 
£3, KvH6ns. 7>K2 0 n s <t+#&^<BT 



50 



CO 0 I 73 ;>7x>fi*NK5 2 9 (B 

*fS#fi* OS) 2b 0. 8 5 gfc<fctf2/7x;/fiJKN 
K2 9 2 9 (BfcgtftfeS (80 &> 0. 8 1 g*2, 
2. 3, 3—arh57^a^D/ty—^ 6 0ml»C* 

-7(h7*^e-;fl. 6wm, MO. Slum. 
55iSSSO. Hum) fft^l20mm, J?Sl. 
2 mmcD# M hStttttf&StiLbCX £>3 

-hLfcfc. 6 0 < C-Cl2^Pfl«jftOTK®iSS^J«L 

ft. cottv&am&mti 2 0n(nTftot * 
II. £©E*JB±CAu«9 OnmX/ty^LMtJB£ 



—540— 



(5) 



(5) 



#M¥4-3 3 6 2 8 2 



8 



i 7 (*a*-f >*<b*x« («c) m *xfc'>a-K 

T C <OSE»fl (b U "Off ^fcS#*B£«M»55£;tf* a £i« 
£5&ig£fcl g£fc04. 1X1 0"V* 

to o i si ctttami 7yfe*vj^>hy7yi7 

3 Cfcttfctf («) St) 1. 4g£WH:oy^5 

wiTffl^fc^'JA-#^-hs«aj^sffi±ic^b: 

SEUfc. ^05t$CDgSaJSKff« I 3 0 nmTfeofc. 

-it (*B*<>*fl;*xse («o so sxe>3- a? 



**S£ttlg*fc01. 3X10-'^ 
Wl££<B«CLTE«fyo&. CWEfikttt^sm 

CO 0 1 9J" 



[01] lte«iCD««ffiiaT»*. 

1 ££ 

2 &&b 

3 £*ttB 
4 



(SI] 



l S« 
4 nan 



CH2J 



2 EBI 



-541- 



(19) Japan Patent Office (JP) 

(12) Gazette of Patent Laid-Open Publication (A) 

(1 1) Patent Laid-Open Publication No.H4-336282 

(43) Date of Laid-Open Publication: November 24, 1992 

(51) Int. CL 5 ID Code Internal Reference No. FI Theme Code 

B41M5/26 

Gl IB 7/24 516 7215-5D 

8305-2H B41M5/26 Y 

Request for Examination: Not requested 
Number of Claims: 2 (Total number of pages: 5) 

(21) Patent Application No.H3-107040 

(22) Filing Date: May 13, 1991 

(71) Applicant: 000003126 

Mitsui Toatsu Chemical Co. 

2-5 Kasumigaseki 3-chome, Chiyoda-ku , Tokyo 

(72) Inventor: Shin'ichi Murakami 

c/o Mitsui Toatsu Chemical Co., 
1 190 Kasama-cho, Sakae-ku, Yokohama-shi, Kanagawa 
(72) Inventor: Tomoyoshi Sasakawa 

c/o Mitsui Toatsu Chemical Co., 

1 190 Kasama-cho, Sakae-ku, Yokohama-shi, Kanagawa 



l 



(72) Inventor: Takuo Asami 

c/o Mitsui Toatsu Chemical Co., 

1 190 Kasama-cho, Sakae-ku, Yokohama-shi, Kanagawa 

(72) Inventor: Sumio Hirose 

c/o Mitsui Toatsu Chemical Co., 

1 190 Kasama-cho, Sakae-ku, Yokohama-shi, Kanagawa 

(54) [Title of the Invention] OPTICAL RECORDING MEDIUM 

[Patent Claims] 

[Claim 1] An optical recording medium having a recording layer, a reflecting layer, and a 
protective layer formed in this order on a substrate, wherein said recording layer is composed of 
a substance such that the quantity of gas component generated when 1 g of the substance forming 
said recording layer is thermally decomposed is no more than 1.0 x 10" 2 mol. 

[Claim 2] The optical recording medium according to Claim 1, wherein said recording layer 
contains a phthalocyanine dye. 

[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] The present invention relates to an optical recording medium, more 
specifically to a write-once read-many optical recording medium which is compatible with 
compact disks. 

[0002] 

[Prior Art] Recent rapid transition to the information society has been accompanied by 
intensive utilization and research of optical recording media capable of high-density recording 
greatly superior to that of magnetic recording media. Known optical recording media include 
media of a read-only type which can reproduce only the information that has been recorded in 
advance, media of a write-once read-many type which allow the user to record and reproduce 
information, and media of rewritable type in which information can be recorded, reproduced, and 
erased. Because the write-once read-many media are typically less expensive than the rewritable 
media and superior thereto in terms of storage capacity, they have come into wide use for 
compact storage of a large amount of data. An optical recording medium of a write-once read- 
many type comprises a metal film of Te, Bi, and the like, and a dye film, for example, of cyanine, 
phthalocyanine, and the like as a recording layer on a substrate. In such a medium, information 
is recorded by irradiating the recording layer with a laser beam and causing physical and/or 
chemical changes therein, thereby forming pits, and the recorded information is reproduced by 
reading the pits with a laser beam sufficiently less intensive than that used during recording. 
With such an optical recording medium, a space is typically ensured above the recording layer to 
facilitate pit formation. More specifically, the so-called air sandwich structure is used in which 
two substrates comprising recording layers are bonded so that the recording layers face each 
other and a gap can be formed between the two substrates. 
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[0003] On the other hand, it is well known that read-only optical storage media are generally 
widely spread as compact disks (CD) and laser disks. The structure of such an optical recording 
medium is shown in FIG. 1 . In the optical recording medium, pits are formed in advance on a 
substrate 1, a metal layer of Au, Al, and the like is provided as a reflecting layer 3 on the pit 
formation surface, and then a protecting layer 4 is formed thereon. Among such optical 
recording media, CDs have an advantage over the conventional musical records in that they are 
easier to handle and can be used almost indefinitely. For this reason, in Japan, CDs are used 
instated of records. Following such a wide usage of CDs, compact disk players (CD players) 
have also become spread as widely as record players. In the manufacture of CDs that have thus 
become so widely spread, a substrate having information pits is fabricated by injection molding 
typically based on a template called a stamper. With this method identical CDs are readily 
manufactured at a low cost and on a large scale. However, because the stampers are expensive, 
they are not suitable for small-lot fabrication of CDs. Obviously, because such CDs are designed 
for reproduction only, the user cannot freely record music or data. Therefore, putting recordable 
CDs (write-once read-many CDs) to practical use is desirable from the standpoint of fabricating 
small-lot CDs at a low cost and allowing the user to conduct recording freely. 

[0004] Upon completion of recording, such write-once read-many CDs are required to be 
compatible with the usual read-only CDs. In other words, it is important that the recorded write- 
once read-many CDs can be reproduced on the CD players that have come into wide and general 
use. For this reason, the usual sandwich-type write-once read-many optical recording medium 
cannot be used for write-once read-many CDs because of its thickness and reflection factor. 
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Thus, because CDs have a standard thickness of 1 .2 mm, the thickness of air sandwich structures 
is very difficult to reduce to this level. Moreover, the reflection factor of the usual write-once 
read-many optical recording medium is about 30-40%, as a maximum, at a wavelength of 780 
nm. Therefore, the reflection factor required for CDs (at least no less than 65%) is practically 
impossible to attain. In addition, the reproduction signal in the case of CD is that of a pit length 
detection system in which a pit length is detected, whereas in the usual write-once read-many 
optical recording medium, a pit position detection system is used in which a pit position is 
detected. Therefore, in addition, the medium has to be optimized so that recording can be 
accurately conducted with the pit length detection system in the write-once read-many CDs. 

[0005] An optical recording medium of a single sheet type is known in which, as shown in FIG. 
2, a recording layer 2 is provided on a substrate 1, a reflecting layer 3 is provided thereupon, and 
a protective layer 4 is, if necessary, provided thereupon. Because such a medium has a single- 
sheet configuration, the thickness thereof can be easily decreased. Moreover, the reflection 
factor of the medium can be increased by using a reflecting film with a high reflection factor. 
Therefore, optical recording media of this type can be used for write-once read-many CDs. A 
write-once read-many CD of this type has recently been disclosed in open publication (Nikkei 
Electronics No. 465, p. 107. Published on January 23, 1989). 

[0006] 

[Problems Addressed by the Invention] The recorded write-once read-many CDs are 
required, as described hereinabove, to be compatible with read-only CDs and suitable for 
reproduction on the commercial CD players. For this reason, the write-once read-many CDs 
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have to meet the requirements imposed on various characteristics such as error rate, degree of 
modulation, reflection factor, jitter, and the like. However, the research conducted by the 
inventors showed that the above-mentioned openly disclosed write-once read-many CD does not 
meet all the above-mentioned requirements. In particular, it was found that this CD does not 
have a sufficiently low jitter. High jitter easily causes errors and, in the worst case, may become 
a serious problem, degrading the quality of reproduction from the medium. 

[0007] 

[Means to Resolve the Problems] The inventors have conducted a comprehensive study 
aimed at the resolution of the above-described problems and have found that the quantity of gas 
component generated during decomposition of a substance used for the recording layer greatly 
affects the recording characteristic of the optical recording medium. This finding led to the 
creation of the present invention. Thus, the optical recording medium in accordance with the 
present invention comprises a recording layer, a reflecting layer, and a protective layer provided 
in the order of description on a substrate, wherein the recording layer is composed of a substance 
such that the quantity of gas component generated when 1 g of the substance forming the 
recording layer is thermally decomposed is no more than L0 x 10" 2 mol. The structure of the 
optical recording medium in accordance with the present invention is basically identical to that 
of the single-sheet optical recording medium shown in FIG. 2. Thus, a recording layer 2 for 
forming pits by absorbing laser radiation is provided on a transparent substrate 1 having pre- 
grooves (guide grooves) formed therein, if necessary. A reflecting layer 3 for increasing the 
reflection factor is provided on the recording layer, and a protective layer 4 for protecting the 
recording layer and reflecting layer is provided on the reflecting layer. 
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[0008] Any material can be used for the substrate, provided it is substantially transparent for 
semiconductor laser radiation and can be employed with the usual optical recording medium. 
Examples of suitable materials include polymeric materials such as polycarbonate resins, acrylic 
resins, polystyrene resins, vinyl chloride resins, epoxy resins, polyester resins, amorphous 
polyolefins, and the like or inorganic materials such as glass and the like. If necessary, pre- 
grooves can be formed on the substrate by injection molding those materials or by employing a 
2P method and the like. Any substance can be used for the recording layer in accordance with 
the present invention, provided that it can absorb radiation within a wavelength range of 
semiconductor lasers and thermally decomposes on absorbing laser radiation with the energy 
above the preset level, and that the quantity of gas component generated during thermal 
decomposition is no more than 1.0 x 10' 2 mol per 1 g of the substance forming the recording 
layer. For example, among a variety of the below-described organic dyes capable of absorbing 
radiation within the semiconductor laser wavelength range, those that satisfy the aforesaid 
requirement relating to the quantity of generated gas component can be used. Examples of 
suitable dyes include phthalocyanine dyes, naphthalocyanine dyes r cvanine dyes , squarylium 
dyes, pyrilium dyes, thiopyrilium dyes, azulenium dyes, naphthoquinone dyes, anthraquinone 
dyes, dyes containing metal salts such as salts of Ni, Cr, and the like, indophenol dyes, 
triphenylmethane dyes, xanthene dyes, indanthrene dyes, indigo dyes, thioindigo dyes, 
merocyanine dyes, thiazine dyes, acridine dyes, oxazine dyes, azo dyes, and the like. Among 
them, phthalocyanine dyes are especially preferred because of their high resistance to light, 
endurance, and absorption wavelength range. Those dyes may be used individually on in a 
mixture of two or more thereof. Furthermore, if necessary, additives such as UV absorbers, 
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singlet oxygen quenchers , and the like, can be added. When a recording layer is formed from 
such mixtures, the content of gas component generated when 1 g of the mixture is thermally 
decomposed may be no more than 1 .0 x 10" 2 mol. Therefore, even when the aforesaid condition 
relating to the quantity of gas component is not satisfied with only the substance absorbing laser 
radiation, a recording layer can be formed such that aforesaid condition relating to the quantity of 
gas component is satisfied by the addition of another substance thereto. 

[0009] The quantity of gas component generated during thermal decomposition can be measured 
by the degree of pressure increase during thermal decomposition, for example, with a rapid 
acceleration reaction measurement device. Such measurements should be conducted carefully 
because the temperature of the pressure measurement unit sometimes becomes lower than the 
thermal decomposition temperature. In such a case, the generated quantity of gas component 
may be calculated by conducting temperature correction. The above-described substances are 
caused to form a uniform film on the substrate and a recording layer is formed. At this time, the 
recording layer thickness and the concentration of light-absorbing components are adjusted in 
advance so as to obtain a sufficient reflection factor after the reflecting film is formed. 

[0010] A variety of coating methods, such as a spin coating method, a dip coating method, a bar 
coating method, and the like, can be used for forming the recording layer. The deformation 
process comprises dissolving the substance used for the recording layer in a solvent to prepare a 
coating solution, coating the solution on the above-mentioned substrate, and then drying to form 
a film. A variety of the below-described organic solvents can be used as the above-mentioned 
solvent. Thus, the examples of suitable solvents include aliphatic hydrocarbons such as n- 
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hexane, n-octane, isooctane, cyclohexane, and the like, aromatic hydrocarbons such as toluene, 
xylene, and the like, halogenated hydrocarbons such as 1,2-dichloroethane, chloroform, and the 
like, alcohols such as methanol, ethanol, isopropanol, and the like, ethers such as diethyl ether, 
dibutyl ether, dioxane, and the like, cellosolves such as methyl cellosolve, ethyl cellosolve, and 
the like, ketones such as methyl ethyl ketone, cyclohexanone, and the like, esters such as ethyl 
acetate, butyl acetate, and the like, and fluorinated alcohols such as 2,2,3, 3-tetrafluoropropanol. 
Those organic solvents may be used individually or in a mixture thereof. It goes without saying 
that when those solvents are used, the solvent selected should not only dissolve the substance 
used for the recording layer, but also cause no damage to the substrate used. 

[001 1] A vacuum vapor deposition method can be also used for forming the recording layer. 
With this method, the substance used for the recording layer and the substrate are set in the 
prescribed arrangement inside a vacuum vessel and the recording layer substance is heated and 
evaporated to form a film on the substrate under a sufficient degree of vacuum. This method is 
effective when the recording layer substance has poor solubility in solvents and when a solvent 
that can dissolve the recording layer substance without causing damage to the substrate cannot be 
selected. The recording layer thickness is usually about 30-500 nm. In order to improve 
resistance to coating solvents or to prevent degradation of the recording layer, a variety of prime 
layers can be provided between the recording layer and the substrate. Examples of such prime 
layers include polymeric substances such as polycarbonates, poly(methyl methacrylate), 
polystyrene, and the like, and inorganic substances such as Si0 2 , Sn0 2 , A1 2 0 3 , A1N, and the like. 
Those substances may be used individually or in a mixture thereof. Furthermore, two or more 
thereof may be used in a stack as a multilayer film. 
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[0012] A reflecting layer is formed on the recording layer. Materials with a high reflection 
factor at a wavelength of semiconductor lasers, for example, metals such as Au, Ag, Al, Cu, Cr, 
Ni, and the like, can be used for the reflecting layer. Furthermore, a reflecting layer consisting of 
a multilayer film in which a substance with a low refractive index and a substance with a high 
refractive index are laminated alternately can be also used. In this case metal films of Au, Al, 
and the like are preferred because a reflecting layer with a high optical reflection factor can be 
readily obtained by sputtering or the like. Those substances can be used to form a film on the 
recording film by sputtering, vapor deposition, or other methods. The reflecting layer thickness 
is usually about 30-500 nm. 

[0013] With the object of improving the reflection factor and increasing the adhesive strength 
between the recording layer and reflecting layer, an interlayer can be provided between the 
recording layer and reflecting layer. Examples of substances that can be used for the interlayer 
include polymeric substances such as polycarbonates, poly(methyl methacrylate), polystyrene, 
and the like, inorganic substances such as Si0 2 , Sn0 2 , A1 2 0 3 , A1N, and the like, silane coupling 
agents and the like. Those substances may be used individually or in a mixture thereof. 
Furthermore, two or more thereof my be used in a stack as a multilayer film. A protective layer 
is provided on the reflecting layer. No limitation is placed on the protective layer, provided it 
can protect the recording layer and reflecting layer. Examples of substances suitable for the 
protective layer include polymeric substances such as polycarbonates, acryls, polystyrene, 
polyvinyl chloride, epoxys, polyesters, and the like, and the like, or inorganic substances such as 
Si0 2 , A1 2 0 3 , A1N, and the like. Among them, UV-curable acrylic resins are preferred because 
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they can readily form a protective layer. Those substances may be used individually or in a 
mixture thereof. Furthermore, two or more thereof my be used in a stack as a multilayer film. 
The protective layer thickness is usually about 1-15 jim. 

[0014] 

[Examples] The examples of the present invention will be described below. 
[Example 1] A coating solution was prepared by dissolving 1 .6 g of phthalocyanine dye 
[Formula 1] represented by formula (1) in 50 mL of ethylcyclohexane. A recording layer was 
formed by spin coating the solution on an injection molded polycarbonate substrate with an outer 
diameter of 120 mm and a thickness of 1.2 mm that was provided with a spiral groove (track 
pitch 1.6 |im, groove width 0.45 (am, groove depth 0.13 (im), followed by drying for 12 hours at 
a temperature of 60°C. The recording film thickness was 130 nm. A reflecting layer was then 
formed by sputtering Au to a thickness of 90 nm on the recording layer. A protective layer with 
a thickness of 4 \im was then formed by spin coating a UV-curable resin SD-17 (manufactured 
by Dainippon Inks and Chemicals, Inc.) on the reflecting layer and then curing by irradiation 
with UV radiation. 

[0015] 
[Formula 1] 

[0016] The quantity of gas generated during thermal decomposition of the dye [Formula 1] 
represented by formula (1) was measured with an accelerated rate reaction measurement device 
ARC (manufactured by Columbia Scientific Industries Corp.). The result was 2.2 x 10* 3 mol per 
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1 g of the dye. Recording on the optical recording medium thus fabricated was conducted at a 
linear speed of 1 .3 m/s and recording laser power of 7 mW by using an optical disk evaluation 
device DDU-1000 (manufactured by Pulstec Industries Co., Ltd., laser wavelength 781 nm) and 
a CD encoder DA-353 1 (manufactured by KENWOOD Co., Ltd.). Jitter occurring during 
reproduction of the recording medium on a commercial CD player was measured with a jitter 
meter LJM-1851 (manufactured by LEADER Co.). Sufficiently low values of pit 16 ns and land 
20 ns were obtained. 

[0017] [Example 2] A coating solution was prepared by dissolving 0.85 g of cyanine dye 
NK529 (manufactured by Nippon Kanko Shikiso K. K.) and 0.81 g of cyanine dye NK2929 
(manufactured by Nippon Kanko Shikiso K, K.) in 60 mL of 2,2,3,3-tetrafluoropropanol. A 
recording layer was formed by spin coating the solution on an injection molded polycarbonate 
substrate with an outer diameter of 120 mm and a thickness of 1.2 mm that was provided with a 
spiral groove (track pitch 1.6 |im, groove width 0.51 (am, groove depth 0.14 |im), followed by 
drying for 12 hours at a temperature of 60°C. The recording film thickness was 120 nm. A 
reflecting layer was then formed by sputtering Au to a thickness of 90 nm on the recording layer, 
A protective layer with a thickness of 4.5 jam was then formed by spin coating a UV-curable 
resin SD-17 (manufactured by Dainippon Inks and Chemicals, Inc.) on the reflecting layer and 
then curing by irradiation with UV radiation. The quantity of gas generated by the dye mixture 
used as the recording layer was measured with the accelerated rate reaction measurement device 
used in Example 1. The result was 4.1 x 10* 3 mol per 1 g of dye mixture. Recording on the 
optical recording medium thus fabricated was conducted in the same manner as in Example 1, 
except that the recording laser power was 6.5 mW. Jitter occurring during reproduction of the 
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recording medium on a commercial CD player was measured with the jitter meter identical to 
that used in Example 1. Sufficiently low values of pit 17 ns and land 18 ns were obtained. 

[0018] [Comparative Example 1] 

A coating solution was prepared by dissolving 1.4 g of azo dye Solvent Black 3 
(manufactured by Tokyo Kasei K. K.) in 50 mL of 2 methyl cellosolve. A recording layer was 
formed by spin coating the solution on an injection molded polycarbonate substrate identical to 
that used in Example 1, followed by drying for 12 hours at a temperature of 60°C. The recording 
film thickness was 130 nm. A reflecting layer was then formed by sputtering Au to a thickness 
of 90 nm on the recording layer. A protective layer with a thickness of 4 jam was then formed by 
spin coating a UV-curable resin SD-17 (manufactured by Dainippon Inks and Chemicals, Inc.) 
on the reflecting layer and then curing by irradiation with UV radiation. The quantity of gas 
generated by the dye mixture used as the recording layer was measured with the accelerated rate 
reaction measurement device used in Example 1. The result was 1.3 x 10* 2 mol per 1 g of dye 
mixture. Recording on the optical recording medium thus fabricated was conducted in 
absolutely the same manner as in Example 1. Jitter occurring during reproduction of the 
recording medium on a commercial CD player was measured with the jitter meter identical to 
that used in Example 1 . Very high values of pit 3 1 ns and land 38 ns were obtained. 

[0019] 

[Effect of the Invention] As described above, in accordance with the present invention, a write- 
once read-many CD with good recording characteristic can be provided. 
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[Brief Description of the Invention] 

FIG. 1 is a cross-sectional view of a read-only CD; and 

FIG. 2 is a cross-sectional view illustrating an example of a single-plate optical recording 
medium comprising a reflecting layer. 

[Explanation of Reference Numerals] 

1 SUBSTRATE 

2 RECORDING LAYER 

3 REFLECTING LAYER 

4 PROTECTIVE LAYER 

FIG. 1 
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3 REFLECTING LAYER 

4 PROTECTIVE LAYER 

FIG. 2 
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Specification 

1. Title of the Invention 

PHOTO - THERMAL CONVERSION RECORDING MEDIUM 

2 . Claims 

(1) A photo- thermal conversion recording medium which is 
characterized in containing an azulenium salt compound 
expressed by the following general formula [I] . 
General Formula [I] 

[insert formula] 

(In general formula [I], R lf R 2 , R 3 , R 4 , R 5 , R 6 and R 7 [each] 
indicate either a hydrogen atom, a halogen atom or a 
monovalent organic group, or these symbols indicate a 
substituted or unsubstituted condensed ring formed by at least 
one combination among combinations of R 2 and R 2 , R 2 and R 3 , R 3 
and R 4/ R 4 and R 5/ R 5 and R 6 , and R 6 and R 7 ; M indicates a 
metallic element that forms a metallocene; n indicates an 
integer of 0 or 1; and Z" indicates an anion residue.) 



(2) The photo- thermal conversion recording medium 
according to claim (1) , comprising a coating layer containing 
an azulenium salt compound expressed by the following general 
formula [I] , the coating layer being formed on the surface of 
a substrate. 

General Formula [I] 

[insert formula] 

(In general formula [I] , R lf R 2 , R 3/ R 4 , R 5 , R 6 and R 7 teach] 
indicate either a hydrogen atom, a halogen atom or a 
monovalent organic group, or these symbols indicate a 
substituted or unsubstituted condensed ring formed by at least 
one combination among combinations of R x and R 2/ R 2 and R 3/ R 3 
and R 4 , R 4 and R 5 , R 5 and R 6/ and R 6 and R 7 ; M indicates a metal 
element that forms a metallocene; n indicates an integer of 0 
or 1; and Z" indicates an anion residue.) 

(3) The photo- thermal conversion recording medium 
according to claim (1) , comprising a liquid crystal element 
which has a liquid crystal composition that contains an 
azulenium salt compound expressed by the following general 
formula [I] . 

General Formula [ I ] 

[insert formula] 
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(In general formula [I], R lt R 2 , R 3 , R 4/ R 5 , R 6 and R v [each] 
indicate either a hydrogen atom, a halogen atom or a 
monovalent organic group, or these symbols indicate a 
substituted or unsubstituted condensed ring formed by at least 
one combination among combinations of R x and R 2 , R 2 and R 3 , R 3 
and R 4 , R 4 and R 5 , R 5 and R 6 , and R 6 and R 7 ; M indicates a metal 
element that forms a metallocene; n indicates an integer of 0 
or 1; and Z" indicates an anion residue.) 

3 . Detailed Description of the Invention 
[Field of Industrial Utilization] 

The present invention relates to a photo- thermal 
conversion recording medium which utilizes a photo-thermal 
conversion effect to record information at a high density by 
means of laser light or the like, and to play back this 
information. More particularly, the present invention relates 
to a photo- thermal conversion recording medium which 
effectively absorbs the light of a laser or the like at 
wavelengths in the visible and near infrared regions, and 
converts this light into thermal energy, thus allowing high- 
density recording and optical playback. 

[Prior Art] 

Photo-thermal conversion recording media used in optical 
disk technology can record high-density information by 
arranging, in a spiral or circular track configuration, small 
(e. g., approximately 1 ja) optically detectable pits formed in 
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a thin photo-thermal conversion recording layer disposed on a 
substrate. Information is written onto such a disk by 
scanning a focused laser over the surface of a laser- sensitive 
layer so that pits are formed only in the surface irradiated 
by the laser beam, and forming these pits in a spiral or 
circular configuration. The laser- sensitive layer can absorb 
laser energy and form optically detectable pits. For example, 
in the case of a heat mode recording system, the laser- 
sensitive layer can absorb the laser energy with which this 
layer is irradiated, and this laser energy is converted into 
thermal energy so that small recesses (pits) are formed by 
evaporation or deformation in the irradiated locations. 
Alternatively, pits that have optically detectable differences 
in degree of oxidation, differences in reflectivity or 
differences in optical density generated by chemical 
variations may be formed in these locations. 

The information recorded on such an optical disk is 
detected by scanning a laser along the tracks and reading out 
optical variations between areas where pits are formed and 
areas where pits are not formed. For example, a laser is 
scanned along the tracks, and the energy reflected by the disk 
is monitored by a photo-detector. In cases where pits are not 
formed, the output of the photo-detector drops, while in cases 
where pits are formed, the laser light beam is sufficiently 
reflected by the reflective surface of the underlayer so that 
the output of the photo-detector increases. 
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In the past, metal thin films such as aluminum vacuum- 
evaporated films or the like, and films using mainly inorganic 
substances such as bismuth thin films, tellurium oxide thin 
films, chalcogenite type amorphous glass films and the like 
have been proposed as recording media used in such optical 
disks . 

On the other hand, in the case of liquid crystal elements 
that can use a photo- thermal conversion recording system, an 
optical image that corresponds to the light signals generated 
by a laser or the like can be formed. 

Conventionally, a liquid crystal element is prepared in 
which a mixed liquid crystal comprising a mixture of a nematic 
liquid crystal and a cholesteric liquid crystal which has 
negative dielectric anisotropy, or a smectic liquid crystal 
which has positive dielectric anisotropy, is disposed between 
two glass substrates. When this liquid crystal element is 
irradiated with laser light or the like, thermal energy is 
locally generated in the irradiated location, so that this 
location is heated to an isotropic phase. Then, as a result 
of rapid cooling, a liquid crystal phase which has a random 
orientation state that differs from the initial uniform 
orientation state is formed. As a result, light scattering 
occurs in the locations irradiated by the laser light, so that 
a difference in optical characteristics is generated between 
these locations and the liquid crystal phase of the background 
region which is in a uniform orientation state. 



In such a liquid crystal element, the optical image 
formed by laser writing using the abovementioned method can 
also be erased. Specifically, an optical image previously 
formed by writing can be erased by installing respective 
electrodes on the two substrates that make up the liquid 
crystal element, heating the entire liquid crystal element by 
means of a heat source (e. g., a heater) other than the laser 
light such that the liquid crystal phase reaches an isotropic 
phase, and then cooling the liquid crystal element until a 
homeotropic texture is formed, in the case of a smectic liquid 
crystal, or until a granduran texture is formed in the case of 
a cholesteric-nematic liquid crystal. 

A liquid crystal element using such a photo- thermal 
conversion recording system does not require a matrix 
electrode structure that forms pixels; image patterns can be 
formed simply by scanning light signals obtained by conversion 
from electrical signals. Furthermore, such a system is also 
advantageous in that images can be obtained on a large screen. 
However, in cases where laser light is used, the following 
drawback is encountered: namely, the efficiency with which 
this laser light is absorbed and converted into thermal energy 
is insufficient, and even if light signals are scanned, 
sufficient writing cannot be performed. In the past, 
therefore, a liquid crystal element using a guest-host type 
photo- thermal conversion recording system has been proposed in 
which a black dye is mixed with a smectic liquid crystal as 
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disclosed (for example) in "Society of Information Display 
International Symposium, Digest of Technical Paper [s]", pp. 
P34-49, 172-187, 238253 (1982) . 

With the development of compact, low- cost lasers in 
recent years, semiconductor lasers that can be directly 
modulated have been developed. In most cases, the oscillation 
wavelengths of such lasers are 700 nm or greater; generally, 
furthermore, the laser light power of such lasers is smaller 
than that of gas lasers such as argon lasers, helium lasers 
and the like. Accordingly, in cases where such semiconductor 
lasers are used to perform photo- thermal conversion recording, 
it is effective if the absorption characteristics of the 
laser-sensitive layer have an absorption peak on the long- 
wavelength side (generally 700 nm to 850 nm) . 

However, in the case of conventional photo- thermal 
conversion recording media, the efficiency with which laser 
light is absorbed and converted into thermal energy is 
insufficient. For example, in the case of an optical disk, 
the photo- thermal conversion recording layer formed with an 
inorganic substance of the type described above as the chief 
component has a high reflectivity with respect to laser light; 
as a result, such a layer suffers from a drawback in that the 
laser utilization rate drops so that high sensitivity 
characteristics cannot be obtained. Furthermore, setting the 
sensitive wavelength region at 700 nm or higher leads to the 
drawback of complicating the layer composition of the laser- 
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sensitive layer. In recent years, therefore, organic 
compounds in which a substance transformation can be 
accomplished using relatively long-wavelength light energy 
have been studied. For example, it is known that organic 
compounds containing pyrylium dyes disclosed in U.S. Patent No 
4315983 and "Research Disclosure" 20517 (1981.5) and organic 
compounds containing squarylium dyes disclosed in "J. Vac. Sci 
Technol., 18 (1), Jan./Fe. 1981, P105 to P109 are sensitive to 
lasers at wavelengths of 700 nm or greater. 

Generally, however, the absorption characteristics of 
organic compounds are unstable at longer wavelengths, and such 
compounds suffer from problems such as a tendency to decompose 
in the case of even a slight increase in temperature. 

Meanwhile, liquid crystal elements using a photo- thermal 
conversion recording system of the guest-host type also suffer 
from a drawback: namely, since the power is low in cases 
where a semiconductor laser of the abovementioned type is used 
the efficiency with which the laser light is absorbed and 
converted into thermal energy is insufficient, so that a high 
power or low-speed light signal scanning is required. 
Furthermore, in the case of liquid crystal elements using the 
abovementioned black dye, a white image pattern is formed on a 
black background; accordingly, such liquid crystal elements 
suffer from a drawback in that the display is not favorable in 
terms of human engineering. 
[Problems to Be Solved by the Invention] 



Thus, various conditions required in photo- thermal 
conversion recording media used as optical disks or liquid 
crystal elements must be satisfied; currently, therefore, it 
cannot be said that photo-thermal conversion recording media 
that are sufficiently satisfactory in terms of practicality 
have necessarily been developed. 

Accordingly, it is a first object of the present 
invention to provide a novel and useful photo-thermal 
conversion recording medium. 

Furthermore, it is a second object of the present 
invention to provide a photo- thermal conversion recording 
medium which has absorption characteristics at wavelengths in 
the visible and near infrared region, which can effectively 
absorb light and convert this light into thermal energy, and 
which allows high-density recording and optical playback. 

Furthermore, it is a third object of the present 
invention to provide a thermally stable photo- thermal 
conversion recording medium which eliminates the 
abovementioned drawbacks . 

Furthermore, it is a fourth object of the present 
invention to provide novel a photo- thermal conversion 
recording medium for use in optical disks. 

Furthermore, it s a fifth object of the present invention 
to provide a photo-thermal conversion recording medium for use 
in optical disks which has a high sensitivity at wavelengths 
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in the visible region and near infrared region, and which has 
a sufficient S/N ratio. 

Furthermore, it is a sixth object of the present 
invention to provide a liquid crystal element which can use a 
novel photo- thermal conversion recording system. 

Furthermore, it is a seventh object of the present 
invention to provide a liquid crystal element using a photo- 
thermal conversion recording system which can form optical 
image patterns in accordance with the scanning of light 
signals from a light signal generator using a laser oscillator. 
[Means Used to Solve the Abovementioned Problems] and [Effect] 

Such objects of the present invention are achieved by 
photo-thermal conversion recording medium which contains an 
azulenium salt compound expressed by the following general 
formula [I] . 
General Formula [I] 

[insert formula] 

In general formula [1] , R x through R 7 each indicate a 
hydrogen atom, halogen atom (chlorine atom, bromine atom or 
iodine atom) or monovalent organic group. Monovalent organic 
groups may be selected from a broad range of groups; in 
particular, alkyl groups (methyl, ethyl, n-propyl, isopropyl, 
n-butyl, t-butyl, n-amyl, n-hexyl, n-octyl, 2-ethylhexyl , t- 
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octyl or the like) , alkoxy groups (methoxy, ethoxy, propoxy, 
butoxy or the like) , substituted or unsubstituted aryl groups 
(phenyl, tolyl, xylyl, ethylphenyl, methoxyphenyl , 
ethoxyphenyl , chlorophenyl , nitrophenyl , dimethylaminophenyl , 
a-naphthyl, 0-naphthyl or the like), substituted or 
unsubstituted heterocyclic groups (pyridyl, quinolyl, 
carbazolyl, furyl, thienyl, pyrazolyl or the like), 
substituted or unsubstituted aralkyl groups (benzyl, 2- 
phenylethyl , 2 -phenyl - 1 -me thyle thyl , bromobenzyl , 2 - 
bromophenyl ethyl , methylbenzyl, methoxybenzyl, nitrobenzyl [or 
the like]), acyl groups (acetyl, propionyl, butyryl, valeryl, 
benzoyl, toloyl, naphthoyl, phthaloyl, furoyl or the like) , 
substituted or unsubstituted amino groups (amino, 
dimethylamino, diethylamino, dipropylamino, acetylamino, 
benzoylamino or the like) , substituted or unsubstituted styryl 
groups ( styryl , dimethylaminostyryl , diethylaminostyryl , 
dipropylaminostyryl , methoxystyryl , ethoxystyryl , methyl styryl 
or the like) , nitro groups, hydroxy groups, mercapto groups, 
thio ether groups, carboxy groups, carboxylic acid esters, 
carboxylic acid amides, cyano groups, and substituted or 
unsubstituted arylazo groups (phenylazo, ot-naphthylazo, 0- 
naphthylazo , dimethylaminophenylazo , chlorophhenylazo , 
nitrophenylazo, methoxyphenylazo, tolylazo or the like) . 
Furthermore, substituted or unsubstituted condensed rings may 
be formed by at least one combination among combinations of R x 
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and R 2 , R 2 and R 3 , R 3 and R 4 , R 4 and R 5 , R 5 and R 6 , and R € and R 7 . 
Such condensed rings may be f ive- member , six-member or seven- 
member rings; examples include aromatic rings, heterocyclic 
rings and rings formed from aliphatic chains. 

Furthermore, in general formula [1] , M indicates a 
metallic element that forms a metallocene; here, Fe, Ni, Co, 
Mn, Ti, Mo, Cr, V or the like is desirable, n indicates an 
integer of 0 or 1 . 

Z~ indicates an anion residue; concrete examples of Z" 
include anion residues such as perchlorate, f luoroborate, 
sulf oacetate, iodide, chloride, bromide, p- toluenesulf onate, 
alkylsulf onates , alkyldisulf onates , benzenedisulf onate , 
halosulf onates, picrate, a tetracyanoethylene anion, a 
tetracyanoquinodimethane anion and the like. 

Concrete examples of azulenium salt compounds that can be 
used in the present invention are shown below. 
Compound No. Example of Compound 

[insert formulae] 

As is described in Journal of the Chemical Society, P. 
1110 to P. 1117 (1958), Journal of the Chemical Society, P. 
484 to P. 501 (1960), and Journal of the Chemical Society, P. 
3578 to P. 3593 (1961) , these azulenium salt compounds can be 
obtained by condensing various azulene compounds with 
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corresponding metallocene compounds in an appropriate solvent 
in the presence of a strong acid. Examples of reaction 
solvents that can be used include alcohols such as ethanol, 
butanol, benzyl alcohol and the like, nitriles such as 
acetonitrile, propionitrile and the like, organic carboxylic 
acids such as acetic acid and the like, acid anhydrides such 
as acetic anhydride and the like, and aliphatic ethers such as 
dioxane, tetrahydrofuran and the like. Furthermore, aromatic 
hydrocarbons such as benzene and the like may be mixed with 
these solvents. The temperature of the condensation reaction 
may be selected as desired up to the boiling point of the 
solvent. The corresponding metallocene aldehydes can be 
synthesized (for example) by the method described in 
Tetrahedron Letters No. 21, P. 1 to 4 (1959) . 
Synthesis Example 1 

A solution comprising 7.92 g of 1 , 4-dimethyl-7- 
isopropylazulene and 4 00 ml of tetrahydrofuran was added 
dropwise at room temperature to a solution comprising 8.60 g 
of ferrocene aldehyde, 10 ml of 70% perchloric acid and 400 ml 
of tetrahydrofuran; this mixtures was agitated for 2 hours, 
and was then allowed to stand overnight. The deposited matter 
was filtered, and this filtrate was washed and filtered three 
ties with 100 ml of tetrahydrofuran. Next, the product was 
washed and filtered twice with 200 ml of water, and was then 
washed and filtered with 100 ml of tetrahydrofuran and dried, 
thus producing 9.51 g of Compound No. 2. (Yield 4 8.1%) 
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Melting point: 182 to 184°C (capillary method) 

Solution absorption spectrum: 701 nm in acetonitrile 

Elemental analysis: molecular formula C 26 H 27 C10 4 Fe 

Calculated Values (%) Analysis Values (%) 
C 63.11 63.05 

H 5.50 5.55 

CI 7.17 7.12 

Synthesis Example 2 (Compound No. 15) 

A solution comprising 7.92 g of 1, 4 -dimethyl -7- 
isopropylazulene and 4 00 ml of tetrahydrof uran was added 
dropwise at room temperature to a solution comprising 8.60 g 
of ferrocene aldehyde, 25 ml of 50% hydroiodic acid and 400 ml 
of tetrahydrof uran; this solution was agitated for 2 hours, 
and was then allowed to stand overnight. The deposited matter 
was filtered, and was then washed and filtered three times 
with 100 ml of tetrahydrof uran. Next, the product was washed 
and filtered twice with 200 ml of water, and was then washed 
and filtered with 100 ml of tetrahydrof uran and dried, thus 
producing 8.73 g of Compound No. 15. (Yield 41.8%) 
Elemental analysis: molecular formula C 26 H 27 IF 2 

Calculated Values (%) Analysis Values (%) 
C 59.80 59.88 

H 5.21 5.16 

I 24.30 24.24 
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The photo- thermal conversion recording medium of the 
present invention can be used in optical disk recording. For 
example, this medium can be formed as a medium in which a thin 
film 2 containing one of the abovementioned azulenium salt 
compounds is formed on the surface of a substrate 1 of the 
type shown in Fig. 1. Such a thin film 2 can be formed by- 
vacuum- evaporating an azulenium salt compound expressed by the 
abovementioned general formula [I] , or by applying a coating 
liquid in which such an azulenium salt compound is contained 
in an appropriate solvent. When the thin film is formed by 
coating, the abovementioned azulenium salt compound may be 
contained in the solvent in a disperse state or in an 
amorphous state. Furthermore, a resin may be included in the 
coating process as a binder; appropriate binders may be 
selected from a broad range of resins . Concrete examples of 
binders that can be used include cellulose esters such as 
nitro cellulose, cellulose phosphate, cellulose sulfate, 
cellulose acetate, cellulose propionate, cellulose butyrate, 
cellulose myristate, cellulose palmitate, cellulose acetate- 
propionate, cellulose acetate-butyrate and the like, cellulose 
ethers such as methylcellulose, ethylcellulose , 
propylcellulose, butylcellulose and the like, vinyl resins 
such as polystyrenes, polyvinyl chlorides, polyvinyl acetates, 
polyvinylbutyrals , polyvinylacetals , polyvinyl alcohols , 
polyvinylpyrrolidones and the like, copolymer resins such as 
styrene-butadiene copolymers , styrene-acrylonitrile copolymers , 
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styrene-butadiene-acrylonitrile copolymers, vinyl chloride - 
vinyl acetate copolymers and the like, acrylic resins such as 
polymethyl methacrylates, polymethyl acrylates, polybutyl 
acrylates, polyacrylic acids, polymethacrylic acids, 
polyacrylamides, polyacrylonitriles and the like, polyesters 
such as polyethylene terephthalates and the like, polyallylate 
resins such as poly (4 , 4 ' -isopropylyidenediphenylene-co-1 , 4 -0- 
cyclohexylenedimethylene carbonates) , poly (ethylenedioxy-3 , 3 ' - 
phenylene thiocarbonates) , poly (4 , 4 ' -isopropylidenediphenylene 
carbonate-co-terephthalates) , poly (4, 4' -isopropylidenediphenyl 
carbonates ) , poly (4,4'- sec -butyl idenediphenyl carbonates ) , 
poly (4, 4 ' -isopropylidenediphenylcarbonate-block-oxyethylenes) 
and the like, polyamides, polyimides, epoxy resins, phenol 
resins, and polyolefins such as polyethylenes , polypropylenes , 
chlorinated polyethylenes and the like. 

Organic solvents that can be used in the coating process 
differ according to the type of binder and according to 
whether the abovementioned compound is placed in a dispersed 
state or amorphous state when contained in the binder. 
Generally, examples of solvents that can be used include 
alcohols such as methanol, ethanol, isopropanol and the like, 
ketones such as acetone, methyl ethyl ketone, cyclohexanone 
and the like, amides such as N, N-dimethylf ormamide, N,N- 
dimethylacetamide and the like, sulfoxides such as dimethyl 
sulfoxide and the like, ethers such as tetrahydrof uran, 
dioxane, ethylene glycol monomethyl ether and the like, esters 
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such as methyl acetate, ethyl acetate, butyl acetate and the 
like, halogenated aliphatic hydrocarbons such as chloroform, 
methylene chloride, dichloroethylene , carbon tetrachloride, 
trichloroethylene and the like, and aromatic solvents such as 
benzene, toluene, xylene, ligroin, monochlorobenzene, 
dichlorobenzene and the like. 

The coating process can be performed using a coating 
method such as an immersion coating method, spray coating 
method, spinner coating method, bead coating method, Mayer bar 
coating method, blade coating method, roller coating method, 
curtain coating method or the like. 

When the thin film 2 is formed together with a binder, 
the content of the abovementioned azulenium salt compound is 
0.1 to 99 wt %, preferably 40 to 90 wt %, in the thin film 2. 
Furthermore, the thickness of the dried film or vacuum- 
evaporated film is 10 microns or less, preferably 2 microns or 
less . 

A plastic such as a polyester, acrylic resin, polyolefin 
resin, phenol resin, epoxy resin, polyamide, polyimide or the 
like, or a glass or metal, can be used as the substrate 1. 

The photo- thermal conversion recording medium of the 
present invention is obtained by forming a thin film 2 
(electromagnetic radiation sensitive layer) on the surface of 
the substrate 1 used as a support. However, various types of 
auxiliary layers may also be formed. For example, a substrate 
which has a surface coating layer comprising an inorganic or 
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organic substance for the purpose of adjusting the thermal 
constant on the surface of the substrate 1 can be used. 
Furthermore, a protective layer comprising a transparent 
substance may be disposed on the surface of the thin film 2. 
This protective layer is effective in preventing mechanical 
damage; furthermore, by forming this layer with an 
appropriate thickness, the layer can be used as an anti- 
reflection film, so that this layer is also effective inn 
improving the sensitivity. Furthermore, a reflective layer 3 
can be disposed between the thin film 2 and substrate 1 as 
shown in Fig. 2. This reflective layer 3 may be formed as a 
vapor deposition layer or laminated layer of a reflective 
metal such as aluminum, silver, chromium or the like. 

Furthermore, pre-grooves which have the function of track 
guide grooves or address designating grooves (as described in 
the specification of Japanese Patent Application No. 57-72374) 
may be formed in the photo- thermal conversion recording medium 
of the present invention. 

Furthermore, in the photo- thermal conversion recording 
medium of the present invention, as is shown in Fig. 3, pits 5 
can be formed by subjecting the thin film 2 to irradiation (or 
contact) with electromagnetic radiation 4, e. g., laser light 
with an oscillation wavelength in the visible to infrared 
region from a gallium-arsenic-aluminum semiconductor laser 
(oscillation wavelength: 820 nm) , an argon gas laser 
(oscillation wavelength: 488.515 nm) , a helium-neon gas laser 
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(oscillation wavelength: 632.8 nm) or the like, light from 
various types of pulsed light emitting lamps such as xenon 
flash lamps or the like, infrared lamp light or a heater. The 
areas where these pits are formed differ in reflectivity from 
the areas in which no pits are formed; accordingly, pits can 
be formed by scanning electron radiation along the tracks; 
furthermore, a low-output laser can be scanned along the 
tracks over the areas where pits are formed and the areas 
where no pits are formed, so that the difference in 
reflectivity can be read out by a photo-detector. 

In another concrete example of the present invention, the 
present invention can be applied as a liquid crystal element 
with a photo-thermal conversion recording system. For example, 
Fig. 4 shows a sectional view of a liquid crystal element 
constituting one example of the photo-thermal conversion 
recording medium of the present invention; as is shown in 
this figure, a liquid crystal in which an azulenium salt 
compound expressed by the abovementioned general formula [I] 
is dissolved is used as the liquid crystal composition 108. A 
smectic liquid crystal is appropriate as the liquid crystal 
used in the liquid crystal element that is used in the photo- 
thermal conversion recording medium of the present invention. 
In particular, the A phase or C phase of a smectic liquid 
crystal that possesses positive dielectric anisotropy is 
suitable. Such a smectic liquid crystal is oriented in a 
smectic phase with a homeotropic texture until locally heated 
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by a laser beam. As the temperature rises, this liquid 
crystal can undergo a phase transition from smectic phase with 
homeotropic texture to a nematic phase, and then to an 
isotropic phase. Next, when the liquid crystal is caused to 
undergo a phase transition from an isotropic phase to a 
smectic phase in an abruptly cooled state, a smectic phase 
with a focal conic texture that has light scattering 
characteristics is formed. Accordingly, when the smectic 
phase in the liquid crystal element is locally heat to an 
isotropic phase by irradiation with a laser beam, and is then 
rapidly cooled, these locations assume a smectic phase with a 
focal conic texture. Since this state has light scattering 
characteristics, a still image pattern can be formed by light 
signal scanning with the abovementioned laser beam. 

Compounds which can form a smectic phase with positive 
dielectric anisotropy that can be used in the liquid crystal 
element of the present invention include the compounds 
described in (for example) Japanese Patent Application Laid- 
Open No. 56-150030, Japanese Patent Application Laid-Open No. 
57-40429, Japanese Patent Application Laid-Open No. 57-51779 
and the like. 

Azulenium salt compounds expressed by the abovementioned 
general formula [1] may be contained in the liquid crystal 
composition 108 in the range of 0 . 1 wt % or greater, 
preferably 1 wt % to 3 wt %, relative to the liquid crystal. 
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Furthermore, a mixed liquid crystal comprising a 
cholesteric liquid crystal and smectic liquid crystal having 
positive dielectric anisotropy may also be used in the liquid 
crystal element of the present invention. An appropriate 
content of such a cholesteric liquid crystal in the liquid 
crystal composition 108 is a content in the range of 0.5 wt % 
to 15 wt %, preferably in the range of 1 wt % to 5 wt %. 

Examples of cholesteric liquid crystals that can be used 
in the present invention include cholesteryl compounds such as 
cholesteryl chloride, cholesteryl bromide, cholesteryl iodide, 
cholesteryl nitrate, cholesteryl chlorodecanoate , cholesteryl 
butyrate, cholesteryl caprate, cholesteryl oleate, cholesteryl 
linolate, cholesteryl laurate, cholesteryl myristate, 
cholesteryl heptylcarbamate, cholesteryl decyl ether, 
cholesteryl lauryl ether, cholesteryl oleyl ether and the like. 

A liquid crystal element using such a mixed liquid 
crystal undergoes a phase transition from a homeotropic 
smectic phase to an isotropic phase as a result of local 
heating by a laser beam; when this liquid crystal is cooled, 
a smectic phase with a focal conic texture is formed in the 
same manner as described above. 

In a liquid crystal element in which recording is 
performed by the abovementioned system, the entire surface of 
the liquid crystal composition 108 is heated by means of (for 
example) a heater so that a phase transition to an isotropic 
phase is caused to take place. Then, an appropriate direct 
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current or alternating current is applied across electrodes 
103 and 104 disposed on the substrates 101 and 102 (for 
example, transparent glass plates or plastic plates such as 
acrylic plates or the like) that make up the liquid crystal 
element, and the liquid crystal is rapidly cooled; in this 
way, a phase transition of isotropic phase nematic phase — > 
smectic phase can be caused to take place. In this case, 
since the liquid crystal has positive dielectric anisotropy in 
the nematic phase, the nematic liquid crystal is oriented in 
the direction of the electric field. Furthermore, when the 
liquid crystal is cooled, a smectic A phase or C phase with a 
homeotropic texture is formed, and the written image pattern 
is erased. The electrodes 103 and 104 are generally obtained 
by means of transparent electrode films of indium oxide, tin 
oxide or ITO (indium tin oxide) . If necessary, these 
electrodes can be obtained by means of metal electrode films 
of aluminum, chromium, silver, nickel or the like. It is 
desirable that these electrodes 103 and 104 be applied as 
coatings over the entire surfaces of the substrates 101 and 
102; there is not necessarily any need to form a specified 
pattern shape or matrix electrode structure. However, these 
electrodes can also be designed with s specified pattern shape 
or matrix electrode structure if necessary. 

In the liquid crystal element of the present invention, 
orientation controlling films 106 and 107 comprising coating 
films of an insulating substance may be disposed on the 
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respective electrodes 103 and 104. These orientation 
controlling films 106 and 106 have a surface structure which 
makes it possible to control the direction of alignment of the 
liquid crystal composition to a desired state at these 
critical interfaces. Furthermore, these orientation 
controlling films also function as insulating films that can 
prevent the generation of an electric current flowing through 
the liquid crystal composition 108. For example, such 
orientation controlling films 106 and 107 ca be obtained by 
forming insulating substances such as silicon monoxide, 
silicon dioxide, aluminum oxide, zirconia, magnesium fluoride, 
cerium oxide, cerium fluoride, silicon nitride, silicon 
carbide, boron nitride, polyvinyl alcohols, polyimides, 
polyamidoimides, polyester imides, poly-para-xylylenes , 
polyesters , polycarbonates , polyvinylacetals , polyvinyl 
chlorides, polyamides, polystyrenes, cellulose resins, 
melamine resins, urea resins, acrylic resins, organosiloxanes , 
polyethylene fluorides and the like as coating films by vacuum 
evaporation, immersion coating, spinner coating, spray coating 
or the like. 

The orientation controlling films 106 and 107 may have a 
surface structure that causes the liquid crystal composition 
108 to have a homogeneous orientation by rubbing the surface 
thereof with a cloth, paper, velvet or the like, or by using 
an oblique vacuum evaporation technique for the formation of 
the coating film, according to a predetermined writing system. 
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Alternatively, these films may have a surface structure which 
causes the liquid crystal composition 108 to have a 
homeotropic orientation by treating the surface with a 
compound such as a silane compound having perf luoroalkyl 
groups as described in Japanese Patent Application Laid-Open 
No. 50-36150, an alkyltrialkoxysilane as described in Japanese 
Patent Application Laid-Open No. 50-50947, or a 
tetraalkoxysilane as described in Japanese Patent Application 
Laid-Open No. 50-63955. 

The thickness of the orientation controlling films 106 
and 107 varies according to the type of insulating substance 
used, but is generally set in the range of 100 angstroms to 1 
[X, and is preferably set in the range of 500 angstroms to 2000 
angstroms. Furthermore, it is desirable that the thickness of 
these orientation controlling films 106 and 107 be set at a 
thickness which allows the films to act as anti -reflection 
films as well. 

Furthermore, the still image described above is formed by 
irradiating the liquid crystal element of the present 
invention with a laser beam 110 from the direction of the back 
surface as shown in the figures. Observation light 109 such 
as natural light, halogen lamp light, xenon lamp light, 
fluorescent lamp light or the like is caused to be incident on 
the element from the direction of the front surface, and the 
abovementioned still image can be observed as this light 
reflected from a cold mirror 105. This cold mirror 105 
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generally has a sufficiently high reflectivity with respect to 
visible light, and has high transmissivity characteristics to 
light at long wavelengths of 600 nm or greater. In concrete 
terms, a multi-layer film comprising Ge/MgF 2 (1/4 X) /Ge0 2 (1/4 
A,)/MgF 2 (1/4 X) I Ge0 2 (1/4 X) is known. In the present 
invention, however, the use of a cold mirror 105 may also be 
omitted. Furthermore, in the element o the present invention, 
a cold filter (not shown in the figures) may also be disposed 
between the electrode 103 and the orientation controlling film 
106. This cold filter has a sufficiently high transmissivity 
with respect to visible light, and sufficiently high 
reflectivity characteristics with respect to light at long 
wavelengths . 
[Embodiments] 

The present invention will be described in detail below 
in terms of embodiments; however, the present invention is 
not limited to these embodiments. 

Embodiment 1 

12 parts by weight of a nitrocellulose solution 
(manufactured by Daicel Chemical Industries, Oohaaresu 
lacquer: 25 wt % methyl ethyl ketone solution of 
nitrocellulose) , 3 parts by weight of the abovementioned 
Compound No. 2 and 70 parts by weight of methyl ethyl ketone 
were thoroughly mixed using a ball mill. This mixed liquid 
was applied as a coating to disk-form aluminum vacuum- 
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evaporated glass plate with a diameter of 3 0 cm by a spinner 
coating method, and was then dried, thus producing a recording 
layer with a weight of 0.6 g/m 2 . 

The optical disk recording medium thus prepared was 
attached to a turntable, and recording was performed by 
scanning the recording layer in track form with a gallium- 
aluminum-arsenic semiconductor laser (oscillation wavelength 
780 nm) with an output of 5 mW and a pulse width of 8 MHz 
focused to a spot size of 1.0 microns, while rotating the 
turntable at 1000 rpm. 

When the surface of this recorded optical disk was 
observed with a scanning electron microscope, clear pits were 
observed. Furthermore, when a low-output gallium-aluminum- 
arsenic semiconductor laser was directed onto this optical 
disk, and the reflected light was detected, a waveform with a 
sufficient S/N ratio was obtained. 

Furthermore, in order to measure the durability and 
stability over time following recording, the abovementioned 
recorded recording medium was allowed to stand for 24 0 hours 
in a forced environment at a temperature of 3 5°C and a relative 
humidity of 95%, after which the surface of the recorded 
recording medium was observed under a microscope in the same 
manner as described above. In this case, pits similar to 
those observed prior to the durability test were seen. 
Furthermore, when a low-output gallium-arsenic-aluminum 
semiconductor laser was directed onto this recording medium 
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that had been recorded and subjected to the abovementioned 
durability test, and the reflected light was detected, a 
waveform with a sufficiently high S/N ratio was obtained. 
Embodiment 2 

The abovementioned Compound No. 12 was applied as a 
coating to the surface of a disk- form aluminum vacuum- 
evaporated glass plate with a diameter of 3 0 cm by a spinner 
coating method in the same manner as in Embodiment 1, thus 
producing an optical disk recording medium with a 0.6 g/m 2 
recording layer. 

When information was recorded on and played back from 
this optical disk recording medium in the same manner as in 
Embodiment 1, a waveform with a sufficient S/N ratio was 
observed. Furthermore, when the surface of the recording 
layer following the writing of information was observed with a 
scanning electron microscope, it was found that clearly 
defined pits were formed. Moreover, when a durability test 
was performed by the same method as in Embodiment 1 following 
recording, similar results were obtained. 

Embodiment 3 

The abovementioned Compound No. 15 was applied as a 
coating to the surface of a disk-form aluminum vacuum- 
evaporated glass plate with a diameter of 3 0 cm by a spinner 
coating method in the same manner as in Embodiment 1, thus 
producing an optical disk recording medium with a 0.6 g/m 2 
recording layer. 
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When information was recorded on and played back from 
this optical disk recording medium in the same manner as in 
Embodiment 1, a waveform with a sufficient S/N ratio was 
observed. Furthermore, when the surface of the recording 
layer following the writing of information was observed with a 
scanning electron microscope, it was found that clearly 
defined pits were formed. Moreover, when a durability test 
was performed by the same method as in Embodiment 1 following 
recording, similar results were obtained. 

Embodiment 4 

The abovementioned Compound No. 17 was applied as a 
coating to the surface of a disk- form aluminum vacuum- 
evaporated glass plate with a diameter of 3 0 cm by a spinner 
coating method in the same manner as in Embodiment 1, thus 
producing an optical disk recording medium with a 0.8 g/m 2 
recording layer. 

When information was recorded on and played back from 
this optical disk recording medium in the same manner as in 
Embodiment 1, a waveform with a sufficient S/N ratio was 
observed. Furthermore, when the surface of the recording 
layer following the writing of information was observed with a 
scanning electron microscope, it was found that clearly 
defined pits were formed. Moreover, when a durability test 
was performed by the same method as in Embodiment 1 following 
recording, similar results were obtained. 

Embodiment 5 
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The abovementioned Compound No. 19 was applied as a 
coating to the surface of a disk- form aluminum vacuum- 
evaporated glass plate with a diameter of 3 0 cm by a spinner 
coating method in the same manner as in Embodiment 1, thus 
producing an optical disk recording medium with a 0.6 g/m 2 
recording layer. 

When information was recorded on and played back from 
this optical disk recording medium in the same manner as in 
Embodiment 1, a waveform with a sufficient S/N ratio was 
observed. Furthermore, when the surface of the recording 
layer following the writing of information was observed with a 
scanning electron microscope, it was found that clearly 
defined pits were formed. Moreover, when a durability test 
was performed by the same method as in Embodiment 1 following 
recording, similar results were obtained. 

Embodiment 6 

An embodiment in which a display pattern is formed using 
the liquid crystal element of the present invention is shown 
in Fig. 5. 

Among the compounds expressed by the abovementioned 
general formula [I] , Compound No. 2 was dissolved in a smectic 
liquid crystal (4 , 4 ' -cyanooctylbiphenyl , with positive 
dielectric anisotropy) at the rate of 2 wt % . In this case, 
the abovementioned compound was added after the liquid crystal 
composition was heated to an isotropic phase, and this liquid 
was injected into a cell whose inside wall surfaces were 
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subjected to a homeotropic orientation treatment. Afterward, 
a smectic phase liquid crystal with a homeotropic texture was 
formed by gradual cooling 

The laser oscillator 202 that generates the laser beam 
used to write an image into the liquid crystal cell 201 may be 
selected from laser oscillators with wavelengths corresponding 
to the absorption efficiency of the abovementioned compound 
contained in the liquid crystal. In particular, a long- 
wavelength laser beam emitted from a helium-neon laser, 
semiconductor laser or YAG laser, or a short -wavelength laser 
beam emitted from an argon laser, may be used. The laser beam 
emitted from the laser oscillator 202 is modulated and 
deflected by passing through the modulator 203, slit 204, Y 
axis deflector 205 and X axis deflector 206, and is then 
focused by the writing lens 208, and directed onto the back 
surface of the liquid crystal element 201 via a dichroic 
mirror 209. The abovementioned modulator 203, Y axis 
deflector 205 and X axis deflector 206 are connected to a 
signal source 211 via a driving amplifier 210. As a result, 
the laser beam is modulated, so that digital electrical 
signals from the signal source 211 are converted into light 
signals. An image pattern is written into the liquid crystal 
element 201 by these light signals. Afterward, a Peltier 
element 212 attached to the periphery of the liquid crystal 
element 201 is actuated by a power supply 213, so that a 
rapidly cooled state is obtained, and the liquid crystal 

31 



element 201 is cooled so that a smectic phase with a focal 
conic texture is formed, thus forming an image pattern in 
which the locations irradiated by the light signals are in a 
light-scattering state. In this case, the temperature of the 
Peltier element 212 is controlled by a temperature controller 
214 . 

This image pattern can be observed by lighting an 
illumination source 215 disposed on the front surface of the 
liquid crystal element 201. 

Nest, in order to erase the abovementioned image pattern, 
a transparent heater 216 (e. g., an indium oxide film, tin 
oxide film or ITO film) disposed on the liquid crystal element 
201 is heated by a heater power supply 218 via a temperature 
control part 217, so that the liquid crystal phase is caused 
to undergo a phase transition to an isotropic phase. 
Afterward, while a voltage is applied across electrodes 219 
and 220 disposed on the liquid crystal element 201 from an 
alternating-current power supply 221, the liquid crystal 
element 201 is gradually cooled, so that a smectic phase with 
a homeotropic texture is formed. As a result, the written 
image pattern is erased. 
[Effects of the Invention] 

The present invention possesses the following merits. 

In the photo-thermal conversion recording medium of the 
present invention, the electromagnetic radiation sensitive 
layer of the thin film has a large absorption efficiency with 
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respect to electromagnetic radiation, so that recording by- 
means of a helium-neon gas laser or xenon flash lamp with a 
low energy density is possible; furthermore, this medium is 
also effective in recording by means of a semiconductor laser 
which has an oscillation wavelength on the long-wavelength 
side. Moreover, the S/N ratio is high, and the playback 
efficiency is good. In addition, the compounds used in the 
present invention possess the advantage of being extremely 
stable with respect to heat. 

Furthermore, the liquid crystal element used in the 
photo-thermal conversion recording medium of the present 
invention can be used in a large-screen display, and the 
present invention can also be applied to an optical disk 
system using a recording system in which pits are formed by 
scanning light signals containing specified information along 
tracks . 

4. Brief Description of the Drawings 

Figs. 1 and 2 are sectional views of respective optical 
disk photo-thermal conversion recording media of the present 
invention. Fig. 3 is an explanatory diagram which shows an 
embodiment of the photo- thermal conversion recording medium. 
Fig. 4 is a sectional view of a liquid crystal element showing 
one example of the photo- thermal conversion recording medium 
of the present invention. Fig. 5 is an explanatory diagram 
showing one example of a display system using the liquid 
crystal element of the present invention. 
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1: substrate, 2: thin film, 3: reflective layer, 4: 
electromagnetic radiation, 5: pits, 101, 102: substrates, 103, 
104: electrodes, 105: cold mirror, 106, 107: orientation 
controlling films, 108: liquid crystal composition, 109: 
observation light, 110: laser beam. 

FIG. 1 

1 SUBSTRATE 

2 THIN FILM 
FIG. 2 

1 SUBSTRATE 

2 THIN FILM 

3 REFLECTIVE LAYER 
FIG. 3 

1 SUBSTRATE 

2 THIN FILM 

4 IRRADIATION WITH ELECTROMAGNETIC RADIATION 

5 PIT 
FIG. 4 

101 SUBSTRATE 

102 SUBSTRATE 

103 ELECTRODE 

104 ELECTRODE 

105 COLD MIRROR 

106 ORIENTATION CONTROLLING FILM 

107 ORIENTATION CONTROLLING FILM 
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108 LIQUID CRYSTAL COMPOSITION 

FIG. 5 

202 LASER OSCILLATOR 

2 03 MODULATOR 

205 Y AXIS DEFLECTOR 

2 06 X AXIS DEFLECTOR 

2 08 WRITING LENS 

210 AMPLIFIER 

211 SIGNAL SOURCE 

213 PELTIER ELEMENT OPERATING POWER SUPPLY 

214 TEMPERATURE CONTROLLER 

217 TEMPERATURE CONTROL PART 

218 HEATER POWER SUPPLY 

221 ALTERNATING CURRENT POWER SUPPLY 
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Translator's notes: 

1. On page 619, upper left quadrant, line 12 of the original, "granduran" 
is a transliteration of an unknown term. 

2. On page 627, upper right quadrant, line 4 and elsewhere the original, 
"cold mirror" and "cold filter" are transliterations of unknown terms. 

3. On Page 627, lower left quadrant, line 2, r^*— UXt7 y ^-J is not 
found . 
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